The implementation of performance evaluation on higher education is beneficial to optimize resource allocation and to promote sustainable development of higher education. It is challenging how to establish a scientific model of performance evaluation on universities and colleges objectively. This paper proposes a method of performance evaluation based on Data Envelopment Analysis with dimension reduction of performance evaluation indicators based on Principal Component Analysis. An automatic system is developed, implementing the method and analysing data from universities and colleges in Shanghai. It provides advice and guidance for performance evaluation, and establishes foundation for higher education development strategy.
INTRODUCTION
With the reform of public management system, the expansion of demand for education resources, and the continuous growth of education financial input in China, the government and the society pay more attention to the performance of higher education. Performance evaluation of higher education is the core part of performance management system (Sarrico et al., 2010) . With the evaluation result as basis of decision making of higher education management, it can improve the utility efficiency of funds and optimize resource allocation. Thus it promotes development of construction and optimizes discipline distribution in universities and colleges (Wang and Feng, 2012) . It has become a hotspot in higher education field how to implement systematic and scientific performance evaluation to promote the development of universities and colleges. Currently there are some problems in performance evaluation of universities and colleges. Firstly, the evaluation indicator system is complicated, in which some indicators have implicit dependency on others. Secondly, the evaluation process is easily influenced by subjective factors. Thirdly, there are uniform evaluation criteria for different types of universities and colleges. Therefore the evaluation result isn't so inaccurate due to the above reasons.
This paper proposes an optimized performance evaluation method based on Principal Component Analysis (PCA) and Data Envelopment Analysis (DEA). PCA is used to remove dependent indicators so as to simplify the performance evaluation indicator system by reducing dimension. DEA is used to establish model of performance evaluation. Then it analyses data from universities and colleges by the method comprehensively and systematically. It enriches the content of performance evaluation of universities and colleges. It provides advice and guidance for scientific development strategy in universities and colleges. (Kitagawa and Lightowler, 2013) . Association of universities in the Netherlands (VSNU) is responsible for the process of external evaluation of universities (Bosch and Christine, 2000) . Australian University Quality Agency (AUQA) and Australia Higher Education Evaluation Committee do performance evaluation for universities from various perspectives (CWA, 2003 (NIES, 2009) . The kinds of performance evaluation above mainly use traditional expert evaluation method and statistical analysis method combining with input-output model. However the evaluation indicator system is complicated with implicit dependent indicators. The evaluation result is easy to be influenced by the subjectivity etc during the evaluation process (Afsharian and Emrouznejad, 2018) .
RELATED WORK
In order to solve the existing problems in performance evaluation of universities and colleges, this paper proposes a new evaluation method based on PCA and DEA. An automatic system is developed, implementing the method and analysing data from universities and colleges.
PERFORMANCE EVALUATION METHOD BASED ON DEA AND PCA
The performance evaluation method of universities and colleges is based on DEA and PCA. The theory of DEA and PCA is introduced firstly. The method is then described in details in application.
Model of PCA
PCA is a multivariate statistical analysis method that converts multiple indicators into fewer comprehensive independent ones (Warmuth and Kuzmin, 2008) . It is widely used in the fields of economics and management science (Abdi and Williams, 2010) . In multi-indicator systems, there are always dependencies among indicators, which reveal overlapping information. PCA takes the idea of dimension reduction to simplify the situation (Liu et al., 2017) . Several principal independent indicators are chosen to represent the whole components, which contains information as much as possible in the system. The basic steps of PCA are as follows. 1. Standardize sample data. Let = ( ) * ∈ {1, }, ∈ {1, } be the sample data matrix. is the sample size. is the number of indicators. Standardize matrix X as = ( ) * .
(1)
2. Set dependency matrix of indicators. Let R = (r ij ) p * p i, j ∈ {1, p} , r ij is the dependency coefficient of indicators i and j, which expresses the correlation between them.
( (3) 3. Find the eigenvalue and eigenvector of matrix R, and get the principal component expression.
According to eigen equation | − | = 0, p eigenvalues are obtained, ∈ {1, }, which are arranged as 1 ≥ 2 … ≥ ≥ 0. is the variance of principal indicator, which indicates its importance in evaluation indicator system. Each eigenvalue corresponds to an eigenvector = ( 1 , 2 , … , ) ∈ {1, }. Principal indicators are converted to principal component expression, .
4. Find the variance contribution rate to determine the number of principal components. Due to the dependency of indicators, k (k<p) principal components are chosen to do performance evaluation. If the accumulation variance contribution rate, VCR, is greater or equal to 95%, almost all the information of indicator system is contained in these principal components.
Model of DEA
DEA is a system evaluation method based on relative efficiency (Ramanathan, 2003) ( Chen and Zhu, 2018) . It overcomes limits of existing methods (Bouwmans et al., 2015) . The universities and colleges which are participated in the performance evaluation are considered as decision making unit (DMU). The operation process can be considered as converting the input resource to output (Avkiran, 2001) . Therefore the performance of universities and colleges can be evaluated by the input and output. After simplifying the evaluation indication system by dimension reduction of PCA, the basic steps of DEA are as follows. 1. Set the input and output indicators with principal components. Let Input j = (x 1j , x 2j … x sj ) , Onput j = (y 1j , y 2j, … y tj ) j ∈ {1, n} . They are the input and output of jth university or college.
2. Calculate the comprehensive efficiency, θ j , and technical efficiency, δ j , by C2R and VRS model of DEA. is the input redundancy, while is the output deficiency.
3. Determine the performance of universities and colleges.
Definition 1
If = 1, it is weak efficiency of for C 2 R model. If = 1 && = = 0 , it is efficiency of for C 2 R model.
Definition 2
If δ j = 1, it is weak efficiency of DMU j for VRS model. If δ j = 1 && s j = z j = 0 , it is efficiency of DMU j for VRS model.
Definition 3
Set η j = θ j δ j ⁄ as the performance efficiency rate. According to (6) and (7), θ j ≤ δ j , 0 < η j ≤ 1 Definition 4
If θ j = δ j , performance efficiency rate of DMU j is efficient. If θ j < δ j && ∑ λ j > 1 , performance efficiency rate of DMU j decreases. If θ j < δ j && ∑ λ j > 1 , performance efficiency rate of DMU j increases.
Use the calculation of (6) and (7) to do performance evaluation of universities and colleges.
APPLICATION OF THE METHOD ON PERFORMANCE EVALUATION OF UNIVERSITES

Evaluation Indicator System of University and College Performance
This paper uses the optimized evaluation indicators from Performance Evaluation Indicator System for reference, which is promulgated by National Institute of Education Sciences (NIES, 2009 
Data Selection
In order to ensure authenticity, reliability and authority, all the data related to the Performance Evaluation Indicator System are from reports of the educational administrative department, reports of universities and colleges. Performance evaluation is implemented on 61 universities and colleges in Shanghai. According to the regular pattern of higher education, the output is hysteretic to input. Data of continuous five years are collected, and the average value is taken as the attribute value of the indication.
Dimension Reduction of Evaluation
Indicator System by PCA SPSS Statistic 24.0 is used to do PCA to reduce dimension of evaluation indicator system.
Principal Component Selection of Indicator System
The dependency matrix of input and output indicators is analysed by PCA firstly with accumulation variance contribution rate, VCR, greater or equal to 955%. The dependency matrix of input indicators is shown in 
Principal Component Expression
Through 
Comprehensive Score of Principal Components of Input and Output Indicators
According to the principal component expression, comprehensive score of principal components of input and output indicators can be calculated. The eigenvalue is set as weight of corresponding principal component. The comprehensive score of input indicators is shown in table 5 for example. 
DEA Operation to Evaluate Performance
Comprehensive score of principal components of input and output indicators are standardized as input parameters in DEA module. Comprehensive efficiency, , and technical efficiency, , in (6) and (7) are calculated to evaluate the performance of 61 universities and colleges in Shanghai. The evaluation result is shown in table 6. 
Performance Evaluation Result Analysis
From the running result of MATLAB 2017a and DEAP 2.1, comprehensive efficiency, , technical efficiency, , and performance efficiency rate, , of 61 DMUs are obtained. Since = 1 = = 0 , universities and colleges of DMU1, DMU5, DMU60, etc are efficient by DEA. They obtain better achievement in performance. The ratio of efficient DMU is 50%. It shows that the performance management of higher education in Shanghai is better.
Since < 1 = 1 , universities and colleges of DMU2, DMU4, DMU61 etc are insufficient or redundant in input investment while the internal management and resource allocation is rational. After analysing , performance efficiency rate of DMU2 and DMU61 are found in the status of decreasing, while performance efficiency rate of DMU4 are in the status of increasing. Therefore the universities of DMU2 and DMU61 shall reduce input investment and increase output efficiency. The university of DMU4 shall increase input investment in order to improve the output efficiency.
Since < 1, < 1, = 1 , universities and colleges of DMU38 etc are rational in current scale status. It shall optimize management quality and resource allocation.
Since < 1, < 1, < 1 , universities and colleges of DMU38 etc are inefficient by DEA. It shall optimize in current scale, management scale and resource allocation. After analysing , there are redundant input investment in these universities and colleges. Human resource and financial resource shall be optimized.
In general, the performance evaluation method of universities and colleges based on PCA and DEA pays attention to dimension reduction in indicator system and value combination of comprehensive efficiency, technical efficiency and performance efficiency rate, etc. The rankings of the performance of 61 universities and colleges in Shanghai by this method is consistent with the popular university and college rankings in the country.
DISCUSSION AND CONCLUSIONS
This paper proposes a new method of performance evaluation based on PCA and DEA. PCA is used to simplify the performance evaluation indicator system by reducing dimension. DEA is implemented to evaluate performance of universities and colleges. 61 universities and colleges in Shanghai are carefully analysed by the method. The study of the method is helpful to reveal improve the utility efficiency of funds and resource allocation.
Meanwhile it provides basis for the educational administrative department to develop new optimized strategies for higher education.
In the future, we will take further research on analysing specific principal component with PCA and DEA to deduce performance evaluation result more scientifically.
